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Message from the Rector of Universitas Negeri Padang 
 
Ladies and Gentlemen, 
 
It gives me great happiness to extend my sincere and warm welcome to the all 
participants of the Forth South East Asian Design/Development Research 
International Conference 2016 (SEA-DR 2016). 
 
On behalf of Universitas Negeri Padang, let me welcome all of you to the conference 
in Padang, West Sumatra Province, Indonesia. We believe that from this scientific 
meeting, all participants will have time to discuss and exchange ideas, findings, 
creating new networking as well as strengthen the existing collaboration in the 
respective fields of expertise. In the century in which the information is spreading in a 
tremendous speed and globalization is a trend. 
 
Universitas Negeri Padang must prepare for the hard competition that lay ahead. One 
way to succeed is by initiating and developing collaborative work with many partners 
from all over the world. Through the collaboration in this conference we can improve 
the quality of our researches as well as teaching and learning process in mathematics, 
science and technology. 
 
I would like to express my sincere appreciation to Graduate Programme of 
Mathematics Education, FMIPA UNP and organizing committee who have organized 
this event. This is a great opportunity for us to be involved in an international 
community. I would also like to extend my appreciation and gratitude to keynote 
speakers, parallel keynote and participants of this conference for their contribution to 
this event. 
 
Finally, I wish all participants get a lot of benefits at the conference. I also wish all 
participants can enjoy the atmosphere of the city of Padang, West Sumatra. 
 






Prof. Dr. Phil. Yanuar Kiram 
Rector 
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Message from the Dean of Faculty of Mathematics and Science 
Universitas Negeri Padang 
 
Rector of State University of Padang 
Vice-Dean of Faculty, Mathematics and Science 
Head of Graduate Program in Faculty of Mathematics and Science 
Head of Department in Faculty of Mathematics and Science 
Distinguished Keynote Speakers 
Organizers of this conference 
Dear participants 
Ladies and gentlemen 
 
I am delighted and honored to have this opportunity to welcome you to SEA-DR 
International Conference 2016, which is hosted by Graduate Programme of 
Mathematics Education Faculty of Mathematics and Science, Universitas Negeri 
Padang. 
As the Dean of Faculty of Mathematics and Science, I wish to extend a warm 
welcome to colleagues from the various countries and provinces. We are especially 
honored this year by the presence of the eminent speaker, who has graciously 
accepted our invitation to be here as the Keynote Speaker. To all speakers and 
participants, I am greatly honored and pleased to welcome you to Padang. We are 
indeed honored to have you here with us. 
The SEA-DR 2016 organization committee has done a great work preparing this 
international conference and I would like to thank them for their energy, competence 
and professionalism during the organization process. For sure, the success I anticipate 
to this conference will certainly be the result of the effective collaboration between all 
those committees involved. 
This conference is certainly a special occasion for those who work in education, 
mathematics, science, technology, and other related fields. It will be an occasion to 
meet, to listen, to discuss, to share information and to plan for the future. Indeed, a 
conference is an opportunity to provide an international platform for researchers, 
academicians as well as industrial professionals from all over the world to present 
their research results. This conference also provides opportunities for the delegates to 
exchange new ideas and application experiences, to establish research relations and to 
find partners for future collaboration. Hopefully, this conference will contribute for 
Human and Natural Resources. 
I would like to take this opportunity to express my gratitude to all delegates for their 
contribution to the SEA-DR 2016. 
Thank you, 
 
Faculty of Mathematics and Science 
Prof. Dr. Lufri, M.S. 
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Message from the Chairman of Organizing Committee 
 
First, I would like to say welcome to Padang Indonesia. It is an honor for us to host 
this conference. We are very happy and proud because the participants of this 
conference come from many countries and many provinces in Indonesia. 
 
Ladies and gentlemen, this conference facilitates researchers to present ideas and 
latest research findings that allows for discussion among fellow researchers. Events 
like this are very important for open collaborative research and create a wider 
network in conducting research. 
 
In this conference, there are about 118 papers that will be discussed from various 
design/development researches and about 215 participants will join this conference.  
 
For all of us here, I would like to convey my sincere appreciation and gratitude for 
your participation in this conference. 
 





Dr. Irwan, M.Si 
Chairman 
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Development of math worksheets based on APOS model  
(a case study of Integral Calculus) 
 
Hanifah 
Mathematics Education FKIP 





The study entitled Development of Instructional Model Calculus Based on the Theory APOS, has 
produced Learning Model Calculus Based on the Theory APOS (MPK-APOS), MPK-APOS provides 
a narrow space that extended into Development of Mathematical Model Based Theory APOS 
(Model APOS), A Case Study Calculus Integral. Model APOS has a syntax that consists of phases: 
orientation, practicum, Group Discussions, Classroom Discussions, Exercise and Evaluation, and 
has been declared valid, practical and effective. One of the support system of the Model APOS is 
APOS Model-Based Spreadsheet. Model development in other research Worksheet that follows 
the general model design development according to Plomp which consists of three stages or 
phases, namely: a preliminary study (Preliminary Research), the prototype stage (or Prototyping 
Development Phase), and the assessment phase (Phase Assessment). Results prototype of 
Worksheet berbasil APOS Model consists of: Practical Worksheet, Worksheet Manual, Diskisi 
Sheet Grades, Exercises Sheet. Based on the validity of the test results by 3 experts values 
obtained with an average of 92.06%. and included the category of very valid, test the 
practicalities, generating an average value 76.61% and categorized as practical, as well as the 
effectiveness test resulted in an average value of 80, 43% M, and in the category effectively. 
Worksheets can be concluded that the very valid APOS Model-based, practical, and effective. and 
received a positive response from students. 




Started from the problems encountered in the study of mathematics, especially calculus, as 
well as the importance of Calculus to assist students in developing thinking high levels, and 
the importance of innovation in learning Calculus, it has developed a Learning Model Calculus 
Based on the Theory APOS (MPK-APOS), valid , practical and effective (Hanifah, 2015). When 
the MPK-APOS  was translated in english, the acronim was not appropiate. MPK-APOS when 
the syntax was implemented in other mathematical subjects, the acronim became not 
appropriate. It is seen that the term MPK-APOS provides a narrow space so that the titles 
developed into Learning Mathematical Model Based on the Theory APOS (APOS Model, A Case 
Study of Integral Calculus). 
In general the results of the model construction Model construction use by Joyce and 
Weil (1992), obtained the prototype design / early draft of Mathematics Learning Model 
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Picture 1 Learning Model 
Math based on APOS theory (adopted fromHanifah, 2015) 
 
The need for the development of Model-Based Spreadsheet APOS because they want to 
innovate in learning mathematics. According DitJenDikti (2012), changes in the approach of 
learning centered learning lecturers becomes a student centered learning paradigm change, ie 
a change in the way of looking at some things in the learning, they are (a) knowledge, from 
knowledge which is seen as something that is so staying transferred from professors to 
students, become knowledge is seen as a result of construction or transformed by the learner, 
(b) study, which received the knowledge (passive-receptive) to learn is to find and construct 
knowledge actively and specific; (c) learning, the faculty of imparting knowledge or teaching 
(lectures and courses) became a lecturer participating with students build knowledge.With 
the paradigm of the three principles that must exist in a student centered learning,they are: 
(a) view knowledge as something that is not complete yet; (b) view learning as a process to 
reconstruct and seek knowledge to be learned; and (c) view the learning process not as a 
process of teaching (teaching) which can be done in the classical style and not a process to run 




3. GROUP DISCUSSION 
4. CLASS DISCUSSION 
5. PRACTICE 
6. EVALUATION 
 Reaction Principle 
































1. Active study 
2. Positive response 
3. Motivation 
increased 
4. Self confidence 
5. Pay attention 
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provide a wide range of strategies and methods of teaching and learning approach students 
will understand to be able to develop the potential of students (Sailah dkk, 2012). 
Development of Model-Based Spreadsheet APOS influenced by the cone theory learning 
experience. According to the cone theory learning experiences like the one in Figure 2, shows 
that if conventional teaching faculty, then that could be remembered by the students of less 
than 30%. Student-centered learning that anyone can remember students Greater than 50%. 
Activity class discussions able to make students remember more of which is 70%. 
 
 




Problem Formulation of this article is: 
1. How does the development of Model-Based Spreadsheet AMOS valid, practical, and 
effective? 
2. What is the level of validity, practicality and effectiveness of APOS Model-Based 
Spreadsheet? 
Objective 
The objective of this study are: 
1. How does the development of Model-Based Spreadsheet AMOS valid, practical, and 
effective? 




Development Sheet Karja Based Model APOS refers to a general model of design development 
according to Plomp (2013: 19), which consists of three stages or phases, namely: a 
preliminary study (Preliminary Research), the prototype stage (Development or Prototyping 
Phase), and assessment phase Assessment Phase ). 
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      Based on the three-phase development procedure according to Plomp (2013), then the 
form of the activities undertaken in the development of Mathematics Worksheet based APOS 
Model consists of: preliminary research phase, the prototype stage, and the stage of 
assessment. The activities carried out in the preliminary study are: Initial Investigation 
(prelimenary investigation) about the need for the development of Model-Based Spreadsheet 
APOS; Analyzing the purpose and content of the courses Calculus II as the material selected 
for examination ;, analyze sources of learning. Activities undertaken at the prototype stage 
are: Model-based Design Worksheet APOS; To test the validity of the prototype; Revised the 
prototype based on the validity of test results; To test the practicalities of the prototype; 
Revised the practicalities of a prototype based on test results; Activities performed on the 
stage of the assessment are: To test the effectiveness of the prototype; Revised the 
effectiveness of the prototype based on test results. 
Results Development of Model-Based Spreadsheet APOS 
1. Prototype Model-Based Spreadsheet APOS 
Worksheet (LK) which is designed LK which will support the implementation of APOS Model. 
LK-based model APOS this will not replace the role of the main sources of the book as a source 
of learning, but it will encourage students to read books like the main source. 
       LK designed guided by, syntax APOS Model, syllabus, books and SAP sources. In this phase 
Worksheet (LK) consists of Part I Worksheet Practicum (LKP), part II Worksheet Manual 
(MFI), section III Class Discussion Sheet, and section IV Exercise. 
       LKP contain tables that contain Maple commands about a subject, and the answers Maple. 
Maple commands selected are the commands that can help explain the steps to solve a 
problem Calculus II, not a command that directly provide answers. Under the table was 
reserved questions that will help students to understand the answers of Maple following 
Maple commands were executed. MFI contains questions or questions about the subject being 
completed manually. Classroom Discussions sheet contains questions or questions that will be 
discussed in class by a group selected. Exercise sheet contains questions that will be resolved 
in the classroom or at home. 
         The pictures below is a fragment of the contents LK-2 Area of polygon for each phase of 
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Notes :behind # is a description and not processed Maple 
 restart; with(plots):  
 with(student): 
# Command to clear the memory; order for the graph can be painted; order for the area 
of the polygon can be calculated etc. 
f:=x->x^2; a:=0; b:=4; n:=2; 
# The command to write function f(x) = x
2
 ,for a=0, b =4 and a lot of partitioning n = 2 
 leftbox(f(x),x=0..4,2); 
#thecommand to paint the area based on the left polygon (polygon in) to a=0 dan b=4 
with the number of partitions n = 2 
 Delta := (b-a)/n; 
# command to calculate the width of the partition 
 x[k] :=  k*Delta; 
# command to specify the value of the function at the point xk */ 
 Sum(f(x[k])*Delta,k=0..(n-1)): % = simplify(value(%)); 
# command to calculate the total area of each rectangular in shape sigma emblem, and 
command to calculate the results for k=0 until  k=(n-1)*/ 
 leftsum(f(x),x = a..b,n): Luas := evalf(%,10); 
# command to calculate luas`daerah based on an extensive number of polygons left), 
and a command to display the result as a decimal number. 
Diskusi Kelas 
Jelaskanlah dengan ringkas disertai contoh, bagaimana caranya menghitung luas 
daerah dengan bantuan Poligon Luar (Kanan). 
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Gambar 6. Soal Latihan pada Lembar Kerja 
2. Uji Validitas 
Tabel 1. Rekapitulasi Hasil Uji Validasi Lembar Kerja 





V-1 V-2 V-3 
1 LK Praktikum  4 4.9 4.9 4.6 92 Sangat Valid 
2 LK Manual  4 5 4.8 4.6 92 Sangat Valid 
3 Lembar  Diskusi Kelas 4 5 4.5 4.5 90 Sangat Valid 
4 Lembar Latihan 4 5 4.5 4.5 90 Sangat Valid 
5 Dampak LK 4.14 5.00 4.86 4.67 93.33 Sangat Valid 
 Rerata Akhir 4.11 4.98 4.72 4.60 92.06 Sangat Valid 
Diskusi Kelompok 
Pertanyaan pada LKP 
 Amatilah dan salinlah gambar hasil jawaban Maple  untuk perintah nomor 1 
kemudian hitunglah secara manual (tanpa bantuan komputer) berapa luas 
poligon-poligon yang berwarna hijau tersebut. 
Soal pada LKM 
1. Diketahui f(x) = x  dengan a = 0 dan b = 2 , dan n = 4  dan poligon-poligon 
seperti pada Gambar 2 berikut. Hitunglah luas poligon-poligon luar tersebut 
Gambar 2 
Latihan 
1. Diketahui  f(x) = x  dengan a = 0, dan b = 4,  n = 8, dan poligon luar seperti Gambar 2 
berikut. Hitunglah luas poligon luar  tersebut.
Gambar 2 
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Validity test performed by 3 experts. The results are as shown in Table 1. Practical Worksheet 
containing Maple command and questions which will be discussed in small groups, with a 
very limited time provided scored 92%. MFIs that contains questions that were completed 
manually scored 92%. Classroom Discussions sheet can be a value of 90%, Skillsheets scored 
90%, and the impact of the application of LK scored 93.33%. In general it can be concluded 
Worksheet Mathematical Model Based APOS designed is very valid. 
3. Test of practicalities 
Based on the development of procedures Worksheet APOS Model Based on the above, the 
practicality test APOS Model-based Worksheet included in the prototype stage. Worksheet 
practicality Test of-based model APOS is done individually (lecturer class A, class B lecturer), 
small group (assistant), and a large group (Class A and Class B). 
a. Individual Test 
Individual testing by faculty aims to determine whether APOS Model-based LK feasible. 
Selected lecturers are lecturers Calculus II which controls the application program Maple, 
where the command is used on the Worksheet Maple Practicum (CGC). The reason why the 
selected lecturers are lecturers in order to provide an assessment properly based on 
knowledge and experience, as well as the provision of lecturers to be a mentor on the 
implementation of Model-APOS trials. Weakness and incompleteness of information 
encountered lecturer at LK, a matter which will be given later lecturers as scaffolding in the 
classroom. Results of the assessment are as follows. 
LKS assessment by lecturers are as shown in Table 2. 
Tabel 2. Rekapitulasi Hasil Penilaian Kepraktisan LK oleh Dosen 
 
No Aspek Penilaian Rerata Persentase Kategori 
1 Lembar Kerja dan bagiannya 3.97 79.38 Praktis 
2 Lembar Kerja Praktikum 3.81 76.14 Praktis 
3 Lembar Kerja Manual 3.5 70 Praktis 
4 Lembar Diskusi Kelas 3.875 77.5 Praktis 
5 Lembar Latihan 3.72 74.38 Praktis 
6 Dampak penerapan LK 4.08 81.56 Sangat Praktis 
 Rata-rata Akhir 3,83 76,49 Praktis 
 
Practicality LKS by lecturers UNIB expressed in Figure 7. 
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Figure 7.  Grafik Rekapitulasi Nilai Kepraktisan LK oleh dosen Kalkulus 
 
b. Trial for Small Group by Assistant 
Small group trial conducted at three university students who became assistant courses 
Calculus II and Calculus II Project. The assistants have to master calculus and 
application program Maple. The assistants use LK in groups. Results of the assessment 
are as shown in Table 3 assistants. 
 
Tabel 3. Rekapitulasi Hasil Kepraktisan LK oleh Asisten 
 
No Aspek Penilaian Rerata Persen
-tase 
Kate
-gori LK-1 LK-2 LK-3 LK-4 Rerata 
1 Lembar Kerja (LK) 
dan bagiannya 4.75 4.5 4.75 4.75 4.69 93.75 
SP 
2 LK  Praktikum  4.45 4.18 4.45 4.82 4.48 89.55 SP 
3 LK  Manual  4.2 4 4.6 4.6 4.35 87 SP 
4 L  Diskusi Kelas 4 5 5 5 4.75 95 SP 
5 L  Latihan 
4.5 4.5 4.5 4.5 4.5 90 
SP 
6 Dampak  LK 4.5 4.5 4.5 4.5 4.5 90 SP 
 Rerata Akhir 
4.4 4.45 4.63 4.70 4.54 90.88 
SP 
 
















LK 1 LK 2 LK 3 LK 4
Nilai Rerata Kepraktisan Lembar Kerja 
Menurut  Dosen Kalkulus
Dosen Kelas A
Dosen Kelas B 
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c. Uji Kelompok Besar/Kelas oleh Mahasiswa 
Uji kepraktisan  Lembar Kerja oleh mahasiswa dilakukan pada kelas A dan kelas B.   
 
Tabel 4Rekapitulasi NilaiKepraktisan LK olehMahasiswa Kelas A 
 
No Aspek Penilaian Rata-Rata Kepraktisan LK (%) Kategori 
LK 2 LK 3 LK 4 Rerata  
1 Lembar Kerja dan 
Bagiannya 
72.05  74.13  73  73.06  Praktis 
2 Lembar Kerja 
Praktikum 
77.77  78.74 73.18  76.56  Praktis 
3 Lembar Kerja Manual  72.18 75.13 72.6 73.30  Praktis 
4 Lembar Diskusi Kelas 75.45  76.52 77 76.32 Praktis 
5 Lembar Latihan 77.95  80.43 77.25  78.54  Praktis 
6 Dampak Penerapan LK 78.98  83.80  80.25  81.01  Sangat 
Praktis 
 Rata-Rata Akhir 75.73  78.13 75.55  76.47  Praktis 
 
Tabel 5 adalah penilaian kepraktisan LK oleh mahasiswa kelas B 
 
Tabel 5Rekapitulasi NilaiKepraktisan LK oleh Mahasiswa Kelas B 
 
No Aspek Penilaian Rata-Rata Kepraktisan LK (%) Kategori 
LK 2 LK 3 LK 4 Rerata  
1 Lembar Kerja dan Bagiannya 83.82 74.14 80.36 79.44 Praktis 
2 Lembar Kerja Praktikum 80.59 77.62 77.01 78.41 Praktis 
3 Lembar Kerja Manual  76.94 74.90 76.43 76.09 Praktis 
4 Lembar Diskusi Kelas 80 77.24 80 79.08 Praktis 
5 Lembar Latihan 81.03 78.79 75 78.27 Praktis 
6 Dampak Penerapan LK 82.72 80.43 77.679 80.28 Praktis 
 Retata Akhir 80.85 77.19 77.7 78.59 Praktis 
In general practicality LKS by students for LK 2, LK 3, LK 4 is like Figure 8. 
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   Figure 8. Graph Summary of Practicality LKS by Students 
On the graph shows that the value of practicality for each LK namely: LK-2, LK-3, and LK-4, by 
students of Class A and Class B students value> 70%, and included a practical category. At the 
LK-2 student class B gives a very high score far exceeds class A. At the next meeting to do the 
turn of some functionality in the 3-LK and LK-4 so that the functions contained in the LK-LK 3 
and 4 are already in ujicobakan by the assistant is not the same as the LK-3 and LK-4 good for 
class A and class B. There was a decrease to an average value of each class, but still includes 
practical category. 
4. Test of Effectiveness 
Test Worksheet line with APOS Model test. The instrument used to test the model APOS well 
as a test of the effectiveness of APOS Model-based Worksheet. So the effectiveness of the test 
results to be APOS Model effectiveness test results of the Worksheet. In general the 
effectiveness of the test results and the APOS Model Worksheet as his main supporters are as 
follows. 
Tabel 6. Rekapitulasi Hasil Uji Efektifitas MPK-APOS 
 
No  Instrumen Presentase Kategori 
1 Kemampuandosen mengelola Model 
APOS (Mengelola Lembar Kerja) 
78.70 % Efektif 
2 Aktivitas  Mahasiswa 96.765 % Sangat Efektif 
3 Respon Mahasiswa 79.17 % Efektif 
4 Motivasi Awal Mahasiswa 79.13 % Efektif 
5 Motivasi Akhir Mahasiswa 81.08 % Sangat Efektif 
6 Nilai Postes 67.75  Efektif 
 Rerata Akhir 80.4325 Efektif 
 
From Table 6 shows that the average final effectiveness test is 80.6325% effective and 
inclusive category. The highest value obtained for the student activity with a mean value = 
96.765%. This means that MPK-APOS supported by Worksheet based MPK-APOS consisting of 
Worksheet Practicum (LKP), Worksheet Manual (MFI), Sheet Discussion Class, and Skillsheets, 
with the availability of very limited time for each of them, it turns out can increase the activity 
of students. It is of course inseparable from the role of professors as mentors. The presence of 







LK 2 LK 3 LK 4
Rekapitulasi Rerata Kepraktisan LK oleh 
Mahasiswa (%)
Nilai Rerata (%)  Kelas A
Nilai Rerata (%)  Kelas B
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        The smallest value obtained for postes in which a mean value = 67.75. This shows that's 
not easy to improve student results. Many of the factors that influence it. Tested material that 
is difficult about using integral to calculate the area of flat fields, and to calculate the volume 
of rotating object. These issues require students to be able to paint charts. From the 
preliminary study has been explained that the students generally difficult to paint charts. But 
the average value of the intervals used UBH assessment includes both the effective category. 
DISCUSSION 
 
Test Worksheet on practicality there are some revisions. Revisions were made because there 
was a mistake in typing the contents of the Worksheet. Revisions should be done on lab sheets 
to avoid cheating students practical answers. 
       Worksheet (LK) Model-based support system APOS is the most influential on the 
application of APOS Model. Not easy to prepare LK good and right on target. Sometimes Maple 
appropriate command has not been found to explain a concept. To overcome these 
weaknesses LK, it takes the expertise of lecturers provide rock that is when the help is given 
and what assistance could be provided so that students can find the conclusions of aid 
lecturers. 
       Learning from experience to test applying Model-Based Spreadsheet APOS, many factors 
influence that APOS Model can be valid, practical and effective. The completeness of material 
preconditions, faculty expertise to provide assistance, the activity of students during the 
learning takes place is the motivating factor the successful mastery of Calculus II (Integral). 
      From a series of trials that have been conducted since 2013 to 2014, the lessons learned 
are: 
a) The ideal conditions that Model-Based Math Worksheet APOS run optimally when a student 
is in the classroom can be formed into a heterogeneous group. Lecturer easily provide relief. 
Students are able to master the material well, it looks at the implementation of the class 
discussions, many questions could be discussed in front of the class. Quiz conducted a 
successful run. So it can be concluded that the application of model-based LK APOS will be 
successful if the material is easy to understand the students, a heterogeneous group, and 
professors are able to provide good guidance. 
b) Although the group has been heterogeneous, but the material is difficult to understand, 
then the LK-Based Model APOS can be done well if the supervisor is able to provide guidance 
well. 
c) Although not a heterogeneous group, and the material is difficult to understand, but 
because the lecturers are able to provide better guidance to the implementation of Model-
based LK APOS can be done well. 
d) The conditions were not ideal occur if the material is too hard to digest, solid contents and 
takes a long time to understand it. Required additional time and expertise of lecturers provide 
assistance. 
e) The conditions were not ideal occurs when a class can not be formed heterogeneous and 
lecturers are not able to provide guidance well. 
f) If Sheets Practical can not be done, then teachers should be ready to provide assistance in 
the conventional. 
g) Learning to use model-based LK APOS very powerful tool to improve learning outcomes, 
activities, motivation, and student response, when a group of students is heterogeneous, with 
a small number of students and faculty expert assistance. 
h) Model-based Worksheet APOS is very powerful when applied to classes where the number 
of students who are more clever than the weak students 
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i) Need guidance and attention lecturer on vulnerable groups when applying LK APOS Model 
based on the class that can not be divided into heterogeneous groups. 
j) If the class with a large number of students making it impossible for lecturers to come to 
each group to provide assistance, it is necessary to provide assistance kepiawauan lecturer in 
classical. 
k) Worksheet based APOS Model can be used without having to be in the computer lab. In this 
case Each group must have a laptop so that Maple can be run as an application program, so 
that the practical phase can be implemented. 
l) If the practicum phase is difficult to implement, the lecturers should be able to replace them 
with a way to provide assistance by directing students in a way that students can master the 
material. In this case the method of question and answer with the model of guided discovery 
is more appropriately used. 
m) To parallel classes, then the problems that exist on the Worksheet may not be the same 
between one class to another class, so that students are not cheating by copying answers LK 
already done by the previous class students. Therefore lecturers using LK must be willing to 
change the functions or numbers on the LK so the answer is no longer the same. 
       For your consideration if you want to apply Model-based Worksheet APOS, according 
Harsono (2005), the advantages of student centered learning are: (1) to include students in 
the learning process; (2) encourage the students to have more knowledge / wide / deep; (3) 
Establish the students with real life; (4) promote active learning; (5) encourage critical 
thinking; (6) directs students to recognize and use a variety of learning styles; (7) the needs 




Development of Model-Based Math Worksheet APOS, has produced a valid Worksheet, 
practical, and effective. Spreadsheet-based model APOS support 
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